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RESEARCH MEMORANDUM
Por the

Bureau of Aeromsutice, Navy Department

ACCELERATTON MEASUREMENTS DURING IANDING IN ROUGH WATER

OF A %‘*-SIZE DYWAMIC MOILEL OF GRUMMAN XJR2F -1

AMPHIBTAN - LANGLEY TANK MOIEL 212
TED NO. NACA 2378

By Norman S. Land and Eoward Zeck

SUMMARY

Tests of & ,-f-size medel of the Grummen XJR2F-1 amphibian

were. mad.e in La.n@.ey tank noe. 1 to examine the landing behavior
in rough water and to meassure the normal and a.ngtﬂ.ar a.ccelera.tions
experienced. fby ’che md.el during these landings.

All landings were made normal to the. d_irec’c:l.on of wave a.d.vance »
a condition assumed  to produce the greatest acceélerations. Wave-
heights of L.kt and 8.0 inches (2.5 and ko7 £%, full size) were
used in the tests and the wave lengths were varied between 10 and
50 £eet (70 and 350 £, full size}. Maximum normel accelerations

of about 6.5g -Were obtained in b .Ji-inch Weves génd 8.5g were obtalned

in 8.0-inch waves, .-A maximm anguler acceleration corresponding to
16 radians per secopd per second, full size, was obtained in the
higher waves. . The data indicate-that the airplane will experience
1ts grestest accelera’cions when la.nﬂ.:}.ng in waves of ebout 20 feet
(140 £, .full size) in length.

L

Ihe Grumman ZJRZF -l amphiblan is a twin-engine high-wing
airplane with: & design gross.loed of 22,600 pounds, a power loading
of -7.9 poundse.per horsepower, and a Wing loading of 27.2 pounds.
pexr square foot. 'J.‘his airplane :ts inteﬁded. for use by thie Navy as
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a utllity transport and for alr-sesa rescue work, end therefore must
be seaworthy and structurally sstisfactory for rough-water take-offs

and lending. Tegts of a ;%--size powered dynemic model of the

Grumman XJRZF-1. amphlbisn were made in Langley tank no. 1 to determine
the landing behavior in rough weter and to measure the normal and
angular acceleration esxperienced by the model during these landings.
The model was landed into oncoming waves 4.t and 8.0 inches high

with lengths of waves from 10 to 50 feet. These tests provide the
designer with experimental data for comparison with theoretical

water load calculatlons.

MODEL AND INSTRUMENTATION

The model nsed for the tests was a -'J_;-size dynemically similar

model with powered propsllers, A: detalled description of the model
1s glven In re_ference 1; important dlmenslons are given in teble I.

. The model was fixed In yaw and roll but had freedom in the

plane of symmetry (trim -5° to 20°, rise 1k in,, and fore and aft
motion, 11 in.), Two linear accelerometers were mownted within

the model. One was located on the axis of rotation (the center of
gravity) amd oriented to respond to accelerations normal to the

keel. A second accelercmeter was mounted 1 foot aft of the center

of gravity end slso responded o dccelerations normal to the keel.
For each landing, time historles of the motions.of the model with
respeet to the carrlege, the passage of wave crests, the speed of
the carriage, and the acceleérstions were recorded.  Angular accelerations
were calculated from the linear accelerations obtalned with the -

two accelercmeters. The test setup, whieh is shown im figure 1,

is deseribed in detail In reference 2. The trim is the angle between
the forebody keel at the step and the horizontal. -

TEST PROCEDURE ~

The test procedure was, in general,similer to that desoribed in
reference 2. The towing carriage wes accelerated to a speed such
that the model was airborne; the model was trimmed to spproximately
the deslred landing trim by use of the elevators; and the carriage
vas then decelerated at a rate of two feet per second per second,
thus the -model was allowed to land, Sufficient propellsr thrust
wag uged so that the resultant horizontal force was approximately
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zero at contact xwi*bh"t'he' water. The model remsined free to move
fore end aft throughout most of the 1e:nding rm in which high impsct
accelerations occurred. o ,

A1l of 'bhe' lahding’s'wére' mede with the mod.el apnroaching on-
ocoming waves.ln a directiom perpendicular to their crests. To
attenpt was mad.e to. have the initial landing contact ocour on a
predetermined part of & wave. At least five landings, however,
were made for each condition of waves to obtain initial contacts
at.several parts. of the wave.. All of the landings were made with a
model gross load of €5.2 polnds (22,600 1b. full size) the center
of gravity located ‘at 25 percent mean a.erodgna.mic chord. and with
slo*b‘bed-‘c.yjpe :E‘la.ps deflec‘bed. 450, .

e

e st ﬁlscnssxgm

Records of the ‘time his'bories of -t.wo Iandmgs a.re reprod.uced. in
Plgures 2 and 3. In talcing date from the records only accelerations
corresponding to impects with the waber were considered. The large
accelerations that occurred after ‘the model was thrown clear of the
water were caused by conbact with & rise stop. In general the motion
in waves was violent, the model was thrown clear of the waeter several
times for. each landing .The -average number of impscts in which the
model bounced clear of the water for each landing asre plotted against
wave length in figure 4. The records showed that the most Bevere .
impact occurred su‘bssquen‘b to the initlal Impect of the landing emd
‘&t . Bpeads fbetwee,n "fe a.nd. 00 pe::cen:h OF 'l:.he minimum flying spead..

: Most: lamlings were. ma.d.e at 1andin.g trims J:anging from KO o 129,
- “Examination of the deta o'btained\ in this. test .and in previous tests,

such as reported. in reference 2, indicates that landing trim is not

a princlipal factor- governing the .megnitude of the. maximum impact
accelerations,: since the maximum; accelera:hims genera.lly occur a:.b

somie weve. encownter, subsequent.to :tni'bial Ampact,.. In this test, -
maximum chenge in trim during g single wave. sncownter showed mo
conelstent variation with respect to wave 1eng'bh The model usually
attained maximm trims between 15° and 20° after bouncing clear of

the water gt speeds below the stall. The maximum changs in trim

tha:b occwred. during any cne wave encounter varied from.sbout 15° to 5°,

The ma.xixmm ver‘tical acceleration ls plot'bed. agalingt wave ‘length
in figure 5, for wave heights of L.t and 8,0 inches. Tests in 8.0-
:lnch weves were not made for wave lengthe less than 17- feet sinoce
the waves at these short lemgths became erratic (see reference 2},

-
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The maximim vertical acceleratlon occurred at a wave length of .
approximately 20 feet (140 £t, full size) or three times the length
of the hull. The maximwm values of vertlcal acceleratlon obtained
were 6.5g In the l.hi-inch waves and 8.5g in the 8.,0~inch waves.
However, the most probable accelerations to be encountered in the
4,h~inch and 8.0~inch wave . are about 4.0g and 6.0g, respectively.
The large varlation of nc.aml acceleration experienced vhen several
landlngs were mede at the same wave heights and lengths can be
attributod principally to the fact that it was not feasible to pre-
determine on what parts of the waves the model would contact during
landing.

The greatest angule.l accelerstion cobtalned during these tests
was approximately 110 radians per second per second (16 redisns/sec/sec,
full size) in the 8.0sinch waves. This maximun acceleration
occurred in the shortest wave length investigated. Failure of the
instruments prevented obtalning similar date for the k.hk~inch waves.

The Grummen engineoring staff has made a more detalled and
specific analysis- of the landing records obtained during this
investigation and has used these experimental.date to check their
thecretical loa.d caleulations (reference 3).

. coNcLUSIONs

Rough -dwater la.ndings of & %‘—-size d.ynamic model of the. Grummen
XJR2F -1 emphibisn disciosed the following charecteristics: '

1. The mod_el encou.ntered maximm accelerations When la.nding in
weves of about 20 fest (140 £%, full ‘size) in length. The most
severe impact occurred subsequent to the initial impact of the landing
and at a speed 'between 70 and 90 percent of the. minimum flying speed.

2. The ma.ximum values of norma.l a.ccelerat:lon encountered. by the
model were 6.5g In 4.h~inch waves (2.5 f%t, fuil size), and 8.5g in
the 8.0-inch waves (k.7 £t, full size). However, the most probable
accelerations to be encountered in. 4.h-inch and 8.0~lnch waves are.
about 4g and 6g, respectively.

3. . The maximm angular acceleration encountered in the 8.,0~-inch
waves was about 110 radlens per second per second (16 radians/sec/sec,
full size) The waximum chenge in trim that occurred d_urlng 1a.nd.ing
for any single wave encountér. varied between 15% and 25°.
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Y. Maximm trims between 150 and 20° were attained when the
model was thrown clear of the water during landings in waves.

Langley Memorial Aeronautical Laboratory
National Advisory Commi'btee for Aerona.u‘sics

-Langley Field, Va.
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- N - Normen S. Lend
Aeronaunticel Enginesr
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Howard. Zeck

Agronautical Enginser
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TABLE T

PRINCTIPAL, DIMENSIONS OF, K GRUMMAN XJR2F -1 AMPEIBIAN

ITtem NACA model 212  Gromman XJR2F -1
: (1/7 size) (full size)
Hull:
Beam, maximum, Ie o ¢ s ¢ ¢ o o 13.58 95.0
Length of forebody, In. + « « & 4L 57 312.0
Tength of afterbody, In. « « » « 36.00 25240
Length of tail extension, in. . 23,15 167.0
Len.gﬂl over a-ll’ in. * ¢ o 9 @ 103072 731-0
Leng'bh-'beam atlo ¢ s ¢ ¢ o o @ 5-92 5.92
Type of 8tep s ¢« ¢ ¢« ¢ ¢« ¢« ¢+ ¢« « Transverse Transverse
Depth of S‘bep at keel, Ine o« o o 0097 .
Depth: of step at keel,
Percent bealL, ¢« ¢+ o « s o o« ® Tel Fel
Angle of dead rime at step, dag.
Excluding chine flare « « « o 22 .5 22 .5
Including chine flare « ¢ « o 19.5 19.5
Angle of forebody keel, deg « » 0 0
Angle of afterbody keel, deg « o 6.5 6.5
Angle of gternpost to base line
d-eg [ ] . . . ¢ L L - L L] e L] L ] L} 8.0 8.0
Angle of forebody chine flere
&t Btep, G.eg * e 9 s 8 & s @ ~10,.0 =10 .0
Ares, ¢f ventillation ducts,
Sq_ino " e s o = @ ¢ s 8 € @ 3.16 155-0
Wing: :
Area, 8¢ £5 ¢ o o ¢« 6 ¢ o » s . .16.8 822.0
Span, ine. ¢ s @ s ¢ & " & " 0 o 137011-} 96000
Angle of incldence at root; deg 540 540
Mean aercdynamic chord (M.A.C.)
Length, INe o« ¢ ¢ ¢ v ¢ ¢ s « 18JL2 129.1
Leading edge forward of step,
in- ® ¢ » & 1 g & 3 & ¢ o 9!0”"‘ 6303
Leading edge above base lins,
in, * o v & ¥ 8 ® ¢ e o @ 19'20 131}-"‘
Horizontal tell surface:
Area, 8 £5 « ¢ o o ¢ o o ¢ ¢ @ 347 170.0
Spa:n., in. * & &t e ¢ ¢ 1 e e ¢ 11-9'72 31-1-8-0
Angle of stabllizer to wing
chord, GOZ o o ¢ ¢ & ¢ v 1 @ a"'0.5 LS
Propellers . a
Diame'ber, in. ¢« o 3 o & W ® & o 1905 13300
Clearance above keel line; ine. « 812,6 86,5
&
Not scale value of full sige. _ Exational Advisory
R . Committee for Acronauties
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